Abstract-DNA sequence search is a fundamental topic in bioinformatics. The Smith-Waterman algorithm achieved highest accuracy among various sequence alignment tools, but it usually spends much computational time to search on large DNA sequence database. On the contrary, BLAST and FASTA have improved the search speed by using heuristic approaches, by there is a possibility of missing an alignment or giving inaccurate output. This paper presents an efficient hierarchical method to improve the search speed while the accurate is being kept constant. For a given query sequence, firstly, a fast histogram based method is used to scan the sequences in the database. A large number of DNA sequences with low similarity will be excluded for latter searching. The SmithWaterman algorithm is then applied to each remainder sequences. Experimental results show the proposed method combining histogram information and Smith-Waterman algorithm is a more efficient algorithm for DNA sequence search.
Introduction
Comparison of genome sequences (DNA, mRNA and protein) is the most important task in the life science area. There are 4 types of the DNA nucleotides, namely, A (adenine), C (cytosine), G (guanine) and T (thymine), which are utilized to encode DNA. If gene A and gene B have high homology, it is surmisable that the function of gene A is similar to that of gene B. Normally, when a new DNA or protein sequence is determined, it would be compared to all known sequences in the annotated databases such as GenBank [7] , EMBL [1], and DDBJ [2], etc. Because the database is very large, a lot of algorithms are studied and used for the speeding-up of data search. Needleman and Wunsch presented the Needleman-Wunsch algorithm [3] , which calculates similarities between sequences by the dynamic programming, and Smith-Waterman algorithm is the improved approach [4] . However, it takes much time to search data with these algorithms because they require too many amounts of calculation. Furthermore, the enormous quantity of data has been accumulated in the database like GenBank, EMBL, and DDBJ, etc., and the volume of data of Genome Database still increases in exponential as shown in Figure 1 [8]. Blast [5] , FASTA [6] and PatternHunter [9] [10] are three rapid heuristic algorithms are regularly used for searching protein and DNA sequence databases. The idea in these tools is to find subsequences that share some patterns called as filtration techniques. However, while BLAST and FASTA have improved the search speed by using heuristic approaches, there is a possibility of missing an alignment or giving inaccurate output. Thus, many researches have been trying to improve both the search time and the precision. In this paper, we propose an efficient method combining histogram features and Smith-Waterman dynamic programming algorithms [4] in order to improve speed and precision. The effects will be demonstrated by using GenBank sequence data. This paper is organized as follows. At first, we will introduce the proposed algorithm in detail. Then experimental results will be discussed. Conclusions of our research will be given in the last section.
Proposed method
When using classical Smith-Waterman algorithm [4] to align two sequences, searching and comparing a query sequence with the databases with large size of sequences is complicated and requires for more time and spaces complexity. Therefore, the need of mechanism to discard the unrelated or irrelevant sequences compared to a query is highly demanded. In this paper, we present a new search method for DNA sequence matching in a large size International Journal of Bioinformatics Research ISSN: 0975-3087, E-ISSN: 0975-9115, Vol. 3, Issue 1, 2011 of DNA sequence databases. Histogram features of sequences are firstly used to compare the query sequence with the sequences in database and similarity scores would be obtained. Only the sequences whose similarities exceeded a given threshold are then aligned using exhaustive SmithWaterman dynamic programming algorithm (4). Figure 2 shows the processing steps of our proposed method. When an unknown query base sequence is input, it will firstly be divided into n parts. It is thought that more robust features can be extracted if order information of the base sequence is added. For each separate partial sequence, it will be divided into small sequence, for instance, ACT and CGG, etc. A small sequence can be considered as a three dimensional vector. This processing overlaps over all the sequence. After that, the histogram feature is calculated. There are only 4 types of DNA bases, so the number of combination of 3-dimensional vector is 64. A reference table with the size of 64 is shown in Figure 3 , by which the index number of the 3-dimensional vector is very easy and fast to be determined. The number of vectors with same index number in each separate partial sequence is counted and feature vector histogram is easily generated, and it is used as histogram feature of the separate partial sequence. As the input query base sequence is divided into n parts, the histograms of n parts are generated. On the other hand, the histogram features are also extracted from the DNA sequence in the database using the same method respectively. The histogram generated from each partial sequence is compared with the histograms from the same partial sequence in the database by calculating similarities (si) between them (as shown in formula (2)). Then the integrated similarities (S) are obtained by averaging as shown in the following formula (1).
are the frequencies of 3-dimensional vectors that belong to a separate partial sequence of an input query sequence and that belong to the same separate partial sequence of full length sequences in the database, respectively. N is number of vectors in the separate partial sequence. The integrated similarities (S) are then compared with a given threshold (T), only the sequences whose similarities exceeded the given threshold are then aligned using exhaustive Smith-Waterman dynamic programming algorithm (4). We have downloaded plant GenBank DNA sequence database which contain approximately 1,432,314 sequences. Figure 4 shows the distribution of base lengths (Plant sub database). From this database, 162,021 DNA sequences with the sequence length within 400-500 have been selected to be used in experiments. The performance and reliability of the developed algorithm was evaluated. The query sequences have been chosen randomly from the 162,021 sequences. We performed all of the experiments on a conventional PC@3.2GHz (2G memory). The algorithm was implemented in ANSI C.
Experiments and Discussions
We select 50 results with highest scores among the whole results of the entire DNA sequences which given by the Smith-Waterman algorithm [4] , and perform the same search by using histogram information algorithm, and calculating the recall and the precision. We can obtain the same results in both cases.
Conclusion
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